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become　active.　and　recently, large mirror machines　based　on
ａ　new　concept　of　ambipolar　potential　confinement･were construct-
ｅｄ［５－７］．　Although　such　ａmirror machine, the　tandem mirror,
greatly　improves　the　plasma　confinement, and　hence, the　Ｑ






of　RF waves　may　resolve　these　problems, and　in　fact, is　being
investigated　in　detail,　For　example.　MHD-stable　radial　con-
finement　of　ａ　tandem mirror　plasma　may　be　achieved ｌｂｙ･RF　stabi-










mirror,　This　configuration, the　RF　plugging, requires　an　ef －
ficient　method　for　creating　the　ponderomotive　potential.
　　　　　The　roles　of　工CRF waves　described　above　are　characterized














space.　　Stix [14】was　the　first who used　the　antenna which





et　al.[15 １　showed　that　the ｍ ＝　＋１　mode(1 inear　combination
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－











　ance　of　ａ　phased　helical　antenna when　launching ｍ °０，十１，
　or　－１　wave　in　工CRF.　Knox　et　al.[19］demonstrated　the　selective






























and　so　on.　However, the most　serious　problem that　prevented
the mirror　from being　ａ　fusion　reactorwas　the　１０ｗＱ value
due　to　losses　through　open　ends　even　if　ａ　direct　converter






















tandem mirror　had minimum-B　end　plugs, they were　axisymmetrized
and　only　anchor　regions　remain　asymmetric　in　present-day　and
future machines［２４－２６１．　The　non-axisymmetric　anchor　regions























this　method was　done　by　Yamamoto et　ａ１．［31].　工ｎthe succeeding



























































ＴＰＤ一工工工　[44], plasma　heating　by　the ｍ ＝±１　Ｓ１０ｗwave was　com-
pared　with　that　by　the　ｍ＝　Ｏ　slow wave.　Ａ detailed　experiment
concerning　the mode　effect　on　antenna　loading was　performed





























　　They　changed　the mode　of　the　slow wave, from non-rotating
to　rotating　mode　continuously, and　found　that　the　best　heating































































































































if　the　slow wave　is　of　rotating mode.　The use　of ｍ ＝＋１
rotating mode　improves　the　overall　heating　efficiency　by　ａ
factor　of　１．７。
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CHAPTER 2
MODE CONTROLLED ELECTROMAGNETIC FIELD
IN ION CYCLOTRON RANGE OF FREQUENCIES
１．工ＮＴＲＯＤＵＣＴ工ON
　　　　　Radio　frequencywaves　in　Ion Cyclotron Range　of　Frequencies












































































































The　explicit form of　the　wave equation　for　Ｅｚ　is　written　as
where








ｃ　°‾ｋ”‘“＋　ｋｏ ^RL/S, ｄ°‾如ｅｏｋ ｡DP/S,
ｋＯ　°co/c, and ｐ０ and　ｅＯ　are　the ｐｅｌ°゜eability and the ｐｅｌ°゜ｉｔ‾

















of　hydrogen.)　工ｔ　is　seen　that　for the　slow wave, the propaga-
tion　is　limited up to ａ density where　（ｋ。ｃ／ω）２＝Ｓ　in the
case　of　cold　electronｓ，　while　for　hot　eletrons　with　the　tem-
perature　of　'^e　°３０　eV, the　wave　can　propagate　into　higher










































ｆ ’ １０ MHz, f/f^.
=2.4, and　ｋ。= 10.5
























RF current density in the antenna, and matrix T is defined






























































































































(a) fast　and　s low waves　of






















































（ａ）ｍ　＝　＋Ｉ　slow wave, (b) m　－　－Ｉ　slow wave, (c) m　・　－１
fast　wave, (d) m　＝　＋２　fast　wave, and (e) m　＝　－２　fast















and wall　radius　ｗ °５　cm.　The many　branches　for　the　slow
waves　correspond　to discrete　sets　of　ｋ町２,’ｓ　which　satisfy　the
boundary　condition.　The　ａχial　wave　number　of　each　branch　of
the　slow waves　in (a) or (b) becomes　larger　as　the wave　fre-
quency　approaches　the　ion　cyclotron　frequency.　　The　fast wave
appears　in very　small　k,,　range　for ｍ ＝　－１　mode, while　it
becomes　cutoff　ｆｏｒｍ＝＋１　mode [1]。
　　　　　工ｎ　Fig.2-5, the　radial　profiles　of　the　electric　field　are
shown　for (a) m =　＋１　slow wave, (b) m =　－１　slow wave, (c) m =
－１　fast wave, (d) m =　＋２　fast wave, and (e) m =　－２　fast wave.
We　plot　‾ｊＥｒ　instead　of　Ｅｒ° Hence　one　can easily　find　that
Ｅｒ　leads　ＥΘ　or　Ｅｚ　by　９０°if　‾ｊＥｒ　is　positive″and　vice　versa.








ａ maximum amplitude　there.　Both　the ｍ ＝　－１　slow wave　and
ｍ °－１　fast wave　are　right-hand　circularly　polarized　near　ａχis.
Although　the　polarization　reverses　near　the　mid-radius　for　the
ｍ °－１　slow wave.　the ｍ °－１　fast wave　is　almost　purely　right-
hand　ｃｉ：rcularly polarized　over　all　plasma　radii。
　　　　　工n(d) and (e), we･ plot　the ｍ ＝　＋２　and　－２　fast wave　field
with　ω／ωci　°２゛４　and ｋ”゜１０°５‘ｍ‾１ｌin　ａ　plasma　of　"o　ニ　５）（1013











where　ａ＝　i(ion) or e(electron)″４（ｘ　is　the　particle　ｖ elocity″
ｉ;　is　the magnetic　field, q　and ｍ（ｘare　the　charge and the
mass　of　the　particle, respectively.　　Expanding　physical　quan-



































































































if　one　wants　to　excite　the wave　of　azimuthal　mode m, one　should





of　ion　heating with　the　slow wave, it　is　desirable　that　the
wave　is　left-hand　circularly　polarized　at　the　plasma　core
as　discussed　in Sectioi. 2.　Referring　Fig.2-５． 　ｖｊｅ　find　that
the ｍ＝　＋１　mode　is　the most　convenient　one.　The　antennae
in Figs.2-7(a) and (b) have ｍ ＝　＋１　Fourier　component, which
is, howerver, not　large　as　compared with　other　Fourier　com-



















periphery.　　The　RF　field of m = +2　0ｒｍ＝－２ mode meets　this
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RF STABILIZATION OF HIGH-DENSITY PLASMA
































































two mirror　points　is　１．２　ｍ and　the mirror　ratio　is　variable
from　１．４　ｔ０　４．　The　plasma　diameter　at　the　throat　is　４　cm
(FWHM), which　is　fixed by　the　limiter　made　of　pyrex　glass.



















－ 一 一 一 一
Fig.3-1　The　photograph　of　HIEI .
coil for stabilization
















by　an　RF　self-oscillator which　can　deliver pulsed　RF　power up
to　２００　kWat　ｆ　＝　１０　ＭＨｚ。






the mirror　field by　the　RF magnetic　field　is　negligible。
　　　　　Plasma　parameters　and　instability　signals　are measured
with　ａ　charge　exchange　analyzer.　diamagnetic　loops, end　loss
analyzers, and　electrostatic　probes.　The　raw data　from these
equipments　are A/D-converted, stored　on　magnetic　tapes, and
analyzed　in　real　time mode with　ａ　digital　data　acquisition
system using °iltiple microprocessors.　　The　block　diagram of
this　system　is　shown　in　Fig 。3-4(a), where　three　blocks　are




by　ａ　request　from the bus master (CPU　１）．　An　example of　the
























































Fig.3-4　(a) Blockdiagram　of　data　acquis it ion　sys tem, wh ich
cons i s t s　of　trans ient　recorders(T/R), A/D　converters(A/D) ,
digital　pannel　meters(DPM), graphic　display　controller(GDC) ,
























ratio Ｒ ＝　2.4, and density "o　°１×1011　cm°　For　this　mirror
ratio, the　radius　of　curvature　of　the　magnetic　field　line.
Ｒｃ″　is　４．３　ｍ．　The　electrontemperature　on　ａχis was　２０　eV.
The　fluctuation　level　has　ａ maximum around i°／１７Ｌ° Ｏ°７　゛１ｔ


















































F i g . 3 - 5　　Typical
oscillograni　of






a t i on　of
p 1 a sma　parameters























































































relation　measurement　is　shown　in Fig.3-11; (a) and (b) are





















































Fig.3一目　(a) Auto-power　spec t rum　of　one　probe　s ignal.
(b) Auto-power　spectrum　of　the　other　probe　s ignal.
(c) and (d) are　cross-amplitude　spectrum　and　phase
spectrum　of　the　two　probe　signals, respectively.































































ＯＳｊ’Ψ゜Ｅｅ／乱　在゜n - mojq ’ and Ｓ ° １ ‾Ｍ
／（ｌ°“11110（１）ｃｉＯΩ)d(nQeT^)/dr.　　Ｈｅｌ：ｅ’ＥＯis the　azimuthal component
of　electric　field　of　the　flute　fluctuation. 町［゜EQ(r)/r：ＢＯ］
is　the　rotation　frequency of　the plasma drift due　to the
steady radial　electric　field Eq　and　the　external magnetic　field




Ｏ（　ｒ（　r (region　1) and ｒｓ く　ｒ　くrQ (region　２）［see Ｆｉｇ°3-13］





















As　we have　replaced Ｍ　in Eq.(3-1) by　-M, Eq.(3-2) describes
the perturbation of　the　form exp [j(M0 －Ω七）］．　From Fig.3-10,
we　can　determine　the parameters　in Ｅｑ°(3-2) to be ｐ１　° Ｏ°７７″
2 < r^(cm) < 3, 4 < EQ^(V/cm)< 5, 20 < Eq2< 25 for the high-




and T.　°２０ eV.　As　the measured values, especially″ｒｓ　and
^Oi　have　some　ambiguity, we　calculate　Ｅｑ°(3-2)　for　several
㎜
combinations　of ｒｓ　and E　and　plot　the　frequency S^/2tt　and
the　square　of　the　ｇｒｏｗｔｈｒａｔｅΩｉ２　in Fig.3-14　as　ａ　function
of Ｍ’　Although the values　of n/2!ｌ　ａｎｄΩｉ　have　some　spread,












































































































































ａ　duration　of　the　gate pulse　shown　in　the　figure, the ampli-
tude　of　the　flute　fluctuation　decreases　with　increasing
the　RF　antenna　current 工ＲＦ［２°５^rms　in (b) and　３°
５ ＡｒｍＳ　in
(c)].　The　power　spectra　of　the　fluctuation　during　the RF
pulse　is　displayed　in Ｆｉｇ°3-16(d) for　工RF　°Ｏ″１°１″2.5, and
３’５　rms ■ For　工RF　°３°５　Ａｒｍｓ″ the　spectral　component　of　the
flute　fluctuation　around　２０　kHz　completely　disappeared.
Figure　3-17　also　shows　the　power　spectra　of　the　flute insta-






















２０ ･10 ６０ ９０ １りＯ kHz
Fig.3- 16　　RF　stabilization　o f　ｔﾆhe　flute　mod e　i n　the　１０ｗ－
dens吋ｙ　regime, (a), (b), and (c) are　the　fluctuation　signals
at　じhe　p 1 asma　per iphe ry .　　RF　i s　a pp 1 i e d　during　the　gate　pulse
, and (c) I°　３．５　Ａ
　　　　　　　　　　Ｋｔ”　　　　　Kt　　　　　　r ms ’　　　　　　　　Ｋｌｊ･










F P E Q O' H r ■■
Ｆｉｇ∠３－１７　　RF　stabilization　o f　the　flute　mode　i n　the　h igh-
de n s i t y　r e g ime .　The　powe r　s e p c t r a　of　じhe　flute　mod e are






























for (a) n°6x10 １０　　　　　　　　　ａ･･　一一一一一一－　－－－－－　’－｀－ミ｀゛ニ　　　～Wa　ゝ44/　LI　‾　W八ｌり
and (b) n =　ｈ（1013cIII‾３｀　　The　゛３７ｘｅ　of　ω／ωｃｉｏｉｓ　３°４
for (a) and　２．２　for (b)
62－




spectrum (c) so　that　the　D.C. level　is　approχimately　equal
to　those　in (a) and (b), one　can　readily　compare　the　f luctu-
ation　level　each　other.　In　practice, the　ion　saturation











　　　　　工ｎ　Figs.3-18(a) and (b), the　ratio　of　the　spectral　ampli-
tude　of　the　instability with　stabilizing　RF　to　that without
the　RF, 6″is　plotted versus　工RF　for　the　１０ｗ-　and high-density











































































































































































force　for　ｉｏｎＳ゛Ｆｉｒ゛ as　ａ　funct ion　of　the plasma　rad ius
for (a) m　＝　－２　mode　and (b) m　＝　＋２　mode.　The　as sumed
electric　fields are　shown　in　Fig.2-5 (d) and (e) in
Chap.2.
－66－




increases with ｒ″while Ｅｒ（１°）　becomes　ａmaximum at　ａ　certain
radius within　ａ plasma　radius.　We　define　the maximvun value
of　|Ej.(r)|　゛ＩＳＥｒｍ’　Substitution of E(r) in Ｆｉｇ°２‾５　into
Eq.(3-5) gives　the　radial ’ponderomotive　force　for　ions ．　The
value　of F normalized by Ｅｒｍ２　isshown　in　Fig.3-19　as　ａ
fuction of ｒ for (a) m = -2　and (b) m = +2 modes.　For ｂｏ七ｈ






nation of　those　of ｍ ＝＋２　and　－２　modes.　the　value　of　^ir
for ｍ ＝＋２ mode will　be　in the　range between　the above two





















゜0.8) ~ 6　G (Measured ＢΘ　is maximum at　this position.)
under　the　same　condition　as　in　Fig 。3-17 （ｃ）．　　since　the　cal-
culated　radial　distribution　of　も　and　B　determines　the　relative













A1!ﾆhough　the value　of ^ir　is　only　８１１ordei°of °ignitude
estimation, it　can　be　seen　that　the　stability　condition of









loss　flux　at　the midplane, (c) the　radial　loss　flux　near　the










































Fig.3-20　　0 s c i 1！o s c o n e　じraces　of (a)いｅ　& e n s i t y
f luc tﾆua t ion　ｏ£　the　ｆｌｔ八2e　i p.sこa b i 1 i t y　２じ　’「/l乱　‾　0.7,
（ｂ）ｔｈｅ　radial　loss　flux　a t　the　IB i d p！ane, (c) the
radial　loss　flux　near　ｔﾆhe　throat, and (d) diamagnetic
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　　　　　工ｎ　this　Chapter, we　perform the　RF　stabilization of　the








































































antenna. (12　cm downstream　from the　heating　antenna　and　２ ０　cm
upstream　from the　stabilizing　antenna.)　　The　RF　stabilization
was　carried　out with　a density range　from　1010cm‾３　up　to　1014



















































































Fig.4-4　(a) RF　current　required　for　６　＝　0.5, 0.3, and　０．２







Therefore, from Figs.4-4 (a) and (b), we　obtain　ａ　scaling
law that　工RF　necessary　for　６　°Ｏ゛２　is　proportional　to










for　the mirror　ratio　of　１ 。5, 2.0, and　２．５ other　param-























０ ２ ４ 　6　　8　　10
1ぶ（102Aふｓ）
12　14
Fig.4-5　　Suppre s s ion　ratio ver sus　ＩＲＦ２
























































































































the　field　distribution　of　the　fast mode.　　Figures　2-5 (d) and








from the　fact　that　the ｍ ＝　Ｏ　mode　is　partially　excited　in　the
real　experiment. (Remember　that　the ｍ　＝！２　RF　antenna　generates
the ｍ ＝　Ｏ　mode　simultaneously　as　described　in　Chap. 2.)


















































Fig.A-9　　Squared　RF　magnet:ic　field　d iv ided　by ＩＲＦ２
versus　the　plasma　energy　ｄｅｎｓｉｔｙ゛（Ｔｉ　十　Ｔｅ　is　nearly












persion　relation of　the　flute mode　is　given by Eq.(3-2).　　We
approximate　the　effect　of　the　RF　field　by　ａ　change　in　effective
gravity　in　the　regiori　ｒｓ く　ｒ　く　ｒＯ　as　shown　in　Fig.4-10.　工ｎ




















































condition, the marginal　stability　is　achieved when　－Ｆｐ°
2eT /R°　As　the　ponderomotive　force　is　considered　to be pro-






where　Ｂ　ｐ　is the　azimuthal　component　of ･ the　RF magnetic　field
　　　　　　Θ
in　the plasma　region at r/r^ °Ｏ°８　and　こ　is　ａ　form factor,






　　　　The　value　of　　is　calculated　as　follows:　　We　solve　the　　　　　 　 　 　こ
dispersion　relation　for　ａ　given　density　and　obtain　the　RF
field　distribution using　the　parameters　ω／ωci　°２°４″ｋ”゜







Γesult　is　given　in Fig.4-11, where　こ　for　the ｍ＝－２ｍｏｄｅ　is
plotted　as　ａ　function of　the　density.　　We　note　that　the　density
dependence　of　と　is　very v/eak though　the　RF　field changes　its
mode　from evanescent mode　to propagating mode　as　"o　exceeds




工ｔ　is　also expected that　こ　is　insensitive　to T.　at　least
for　the　range　used　in the　experiment.　　Thus, we　can treat　と








Eq.(4-5) does　not　hold when　the　sum of　the　first　two　terms　in
the　square　brackets　in　Eq.(4-3) becomes　comparable　to　the
last term for large　Ｆｐ゛







（Ti/Ｒｃ）O‘4 + 0.1 (4－6)

























lization [Eq.{4-6) or Eq.(4-7)],　we　can predict　ａ　necessary
value　of　the　RF　electric　field　for　the　RF　stabilization　of　ａ
fusion-oriented plasma　from Eq.(4-6) to be Ｅ７ ～　１．１　kV/cm for






　　　　　There may　arise　ａ question　that　Eq.(4-6) or　Eq.(4-7)
still　holds　or　not　for　ion　temperatures　and　the　plasma　radius
larger　than　those　in　our　experiment.　工七　was　reported　that,
in　the　tandem mirror　Phaedrus ， the　central　cell　plasma　could




beta significantly.　　Having　referred　to our　results　in ＨＩＥ工，
Hershlowitz　et ａ１．［６］concluded　that, in　the　case　of　ω　＞
ωｃｉ″the　stability　of　the　axisymmetric mirror　plasma　in












In　the　experiments　described　in Chapters　３　and　４ ， the modes　of
the　RF were　the　propagating　fast wave　for　the　high-density
regime, and　the　evanescent mode　for　the　low-density　regime.
工ｆ　weuse　the　propagating mode, the　RF　field　can be　large　in
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CONVECTIVE　PLASMA LOSS. CAUSED BY AN　ION　CYCLOTRON　RFFI ELD





waves　are　launched by half-turn　coil(s)［１－３］or　ａ Kharkov=
type coil［4],which produces　RF　fields　of ｍ ＝＋１　and－１［and
ｏ　for　half-turn coil(s)］azimuthal modes　simultaneously.
Here, RF　fields　are　assumed　to vary as　exp[j (in9-k。ｚ＋ωｔ）］in
cylindrical　geometry.　　　For　large　amplitude waves, there may
arise　deleterious　effects due　to nonlinear　interactions
between these　fields　and　ａ plasma.　　Chen.and Etievant [5]
calculated particle drifts　caused　by ponderomotive　force　of
excited waves.　　The ponderomotive　effects will　become
important　if　the　excursion velocity of particles　in wave　fields
exceeds　the　thermal velocit 。。　　　　 　　　　　　　　　　　　　　　　　　　ｙ
　　　　　Althoughnonlinear processes　in　lower　hybrid　heating［６，
７１　have been　investigated　in　detail, few experimental　reports
are　available　concerning　the　nonlinear　effects　in　工CRF　heating.
　　　　　工ｎ　thisC apter, we wish　to present　the　experimental　evidence


















Let　us　consider　ａ　cylindrical ， homogeneous, collsionless　plasma
with　radius　ｒＬ immersed　in　ａ　static magnetic　field　ＢＯ　in　the
positive　ｚ　direction.　　工ｆ　the　current　density　in　ａ　Kharkov-
type　RF　antenna (see　Fig.2-7　in　Chap. 2) is　approximated　by
ＪＯ　°Ｊ０ 6{r-s) sin6　ｃｏｓ（－ｋ。ｚ　十　ωt)with　ｓ being　the　coil　radius,
the　RF　electric　field　in　the　plasma　is　ａ　superposition　of　the


























direction　perpendicular to　both　the　force　and S≫　as　given by

































by　the ｍ ＝±１　RF　field at　fundamental　ion　cyclotron　resonance.
We must note ｔｈａ七七he ｍ ＝＋１　and －１　RF　fields　in Ｅｑ．（５－１）　are
not　necessarily　the　wave･ fields.




design the　RF　antenna which can　produce　the ｍ ＝＋1　0ｒ　－１　RF
field　selectively, [see　the　antenna (c) in　Fig.2-7　０ｆ　Chap. 2］
工ｎ this　case, we have Ｅ３　°Ｅ４　°Ｏ（ｆｏｒ the ｍ °＋１ｍｏｄｅ）ｏ「


































































































Fig.5-3 (a) Bird's-eye　view　of　the　３Ｄ　probe ,





































″ ^in/^T' ″ was
measured　as　ａ function of　ω／ωci　and　ｎＯ″where　^in　is　the　incident
RF power　into　the RF　circuits　and　the plasma　as measured with ａ
directional　coupler　connected　at　the　output　of　the　oscillator　and
^t' ゛ く去lyl（゛Ileﾄﾞdo）″ （5-4）




nearω／ωci　° １　for the ｍ＝＋１　and the ｍ°±１　operations, and　the
increment of　the　series　loading　resistance　at　resonance　relative
to　its　vacuum value,△Ｒ´ is　plotted　against "o　in Ｆｉｇ°５‾４　for
several　　modes.　　The value　of　△Ｒ　increases linearly with ｎＯ’
工ｔ　should　be　noted　that　the ｍ ＝＋１　data points　obtained　by　using
different types of antennae （兌＝３　and　几＝＝　4) fit on the　same　line.
The　ratio of resistive　load　for　the ｍ＝＋１　operation　to　that　for
the ｍ ＝－１　operation　is　about　５．　　For　the ｍ ＝±１　operation. the
loading resistance　should　be　tho　arithmetic mean of　the ｍ ＝　＋１





































（ｓ０１１ｄ　1ine ) , m　＝　－１
(broken　1ine), and　ｍ　＝
十ｌ　in　vacuum (dotted　，














in　Fig.5-5 as　ａ　　function　ｏｆω／仙ci for the ｍ ° ＋１operation
（Ｓ０１１ｄ　line), the ｍ ＝　－１　operation (broken　line), and　the ｍ＝
＋１　operation　with　no　plasma (dotted　line) .　工ｔ　is　clearly
seen　that,・for　the ｍ ＝＋１　mode, the　slow wave　is　resonantly
excited　near　the　ion cyclotron　frequency (ω／ωci　°Ｏ°９６　for
"o　°６）（1010cm‾３）゜　　工ｆ　the　densitywas　more　decreased.　the　peak
shifted　closer to the　point whereω／ωci　°１°　When　the RF







generates　the ｍ＝　＋１　slow wave, while　the　ｍ＝　－１　field　gener-
ates　only antenna　near　field　rather　than　ａ　propagating wave
field.　For　the　antenna　A, the　ｍ＝±１　field　is　equally　divided･










saturation　current ^is during rf pulse was　measured with the
Langmuir probe movable　in　three　degrees　of　freedom.　　The　equi=
工is　contours　゛１°ｅdisplayed　in Fig. ５－７　for　the 111°＋1　and±１　０ｐ－




almost　concentric　at　七゜0 (before　the RF　pulse) and　continue　to be
so with　time　for　the ｍ＝＋１　operation.　　０ｎ　the　contrary, the　pro-
file　for　the ｍ °±１　operation　shows　ａ　convective　drift pattern at
ｔ°０．４　msec　such　ｔｈ弓七higher　density, hot　ions　in　the　plasma　core
drift radially outward　and　lower　density, cold　ions　in　the periph-
ery　radially　inward　in　adjacent quadrants　alternatively.　　From the
boundary　condition which relates　Ｂｚ（１）ｔｏ'^e″ we　note that　the　azi-







difference　of　the measured 工. -contours　in　Fig.5-8°
Only the antenna　Ａ　was　rotated　by　９ ０° between ．the　two　traces, all
other parameters　were　the same.　　The　convective　drift patterns
well　corresponds　with　the　theoretically predicted direction　of ^ir
which　is　again　indicated by　arrows.　　　No　enhanced　cross-field　loss






















t = 0.36 ms
Fig.5-8　Two-dimens ional ｌｉＳ‾ｐｉｒｏｆｉｌｅ　for　the°゜！ｌ　mode
wi th　two　di fferent　antenna　positions .
-113
Ｅ１ and Ｅ３ (Ｏｒ Ｅ２ and Ｅ４ are　necessary　for　the　convective motion.
　　　　The　cross-field　ion　flux was　obtained　in　such ａ way　that the
axial　ion　saturation　current 工ｃ　to　the　negatively biased　cold end
plate of　radius　ｒＰwas measured　as　ａ　function of　ａχial　distance　ｚ
to　give　ｒｉｒ｀゛hich　is　equal　to (2TTr e)"-^Ol^/3z) [8]. Figu・ｅ　５‾９
shows　^ir divided by　the　density　averaged　over　the　cross　section.
n, as　ａ　ｆｕｎｃｔｉｏｎｏｆＩＩＴ２”Thedrift wave　activities　；　an increase
of　the　amplitude　and　the phase velocity　and　changes　　in　the　freq-
uency　spectriom, were　observed as ＩＴ２was　increased The　dotted
line in Fig.5-9　is　drawn　theoretically using　the Bohm diffusion　CO-







curve agrees well with　the experimental points　for　the ｍ ＝＋１ mode.
showing　that　the　increase of　radial　loss　for　this mode　is　due　to
the　enhancement　of　Bohm diffusion. ･since　the　drift wave　activi-
ties were　nearly the　same　for both modes with　the　same ＩＴ“″the
　　　　　　　　、　　　　　㎜excess of r. /n for the m ゛±1mode (solid　curve) over　that of　the






From the measurement　of wave　magnetic　fields with probes. the
magnitudes　of Ｅｌ　and Ｅ３ are　estimated to be　6.3 V/m and　３ 。８　V/m ，
respectively, at　ｒ千２．０　cm for　工Ｔ２°0.62×１０３　Ａ２° Substituting
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－these values ａｎｄ“ｊ／゜ｃｉ°Ｏ°９８ into Ｅｑ’ (5-3) , we obtain Γｉｒ／ｌｌ　°
2r. /no(r°Ｏ）ｔｏ　be　６
’





























゛ilue of Γiｒ/ll fol°the m °±1 mode　above　the　Bohm diffusion value






The　difference　in　equilibrium poten七ial　of （０．６－０．８）ｖ between
two points　separated by　９０°in　azimuth　at r=;1.5　cm　is　necessary
to produce　r. .9×10151m‾２ＳｅＣ‾１″which is measured　at ｉｉ＝０．５×１０９





























　　■　　The　reciprocal　０ｆ　the density decay time.てｎ‾１″ｆｏｒ　the ｍ
゛±１　operation with　工Ｔ２° 1.27　）（　１０３ Ａ２ was　９‘６メ　１０３　sec　, which
is　larger　than the　sum-of　てｎ‾１°!?”４　×　１０３　sec for the ｍ＝＋１
operation with　ＩＴ２° 9.79　×　１０２　Ａ２ and　Ｔｎ‾１°　３°０５　×　１０３　ＳｅＣ‾１for
the ｍ ＝－１　operation with I
2°
３°３３　×　１０２　Ａ２　’ This　result　shows
that　the　density decay　for　the ｍ ＝±１　operation　is　enhanced　over
the ｍ　＝＋１　case by an amount more　than what　is brought by the
fractional ｍ =-1 spectral　power　in　the ｍ ＝!１　field, supporting







for　the ｍ ＝＋１　mode.　Ｔｈｅ±１０１ discrepancy in cj/o) . value
yields　the　reduction　of Ｔｉよ　by　ａ factor　of　３．　For　the ｍ ＝　－１
mode, ion　heating　is　very　little　as　expected。
　　　　　Figure　5-12　shows　the　dependence　of　ion　heating　on　the




































































5-4,　we　found　that, in　the ｍ＝＋１　operation, about　２０　１　０ｆ　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－
incident　RF power　is　dissipated　in　the ｍ ＝－１　fieldwhich　heats　ions
little　as　shown　in Fig .5-13 ．　So, the　elimination of　the ｍ＝－１　field
component　should　result　in　improvement　in　heating　efficier!cy　of　no
more　than　２０　名．　　　The　observed　improvement　farmore　than　ｅχpected
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CHAPTER 6
APPLICATIONS OF IMPROVED ICRF HEATING





the　effectiveness　of　工CRF　heating with　fast waves　up　to MW
level.　　For　open　ended　systems, power　level　０ｆ　工CRF　heating




















by　slow waves　in　two　types　of　devices, i.e., a　small　axisymmetric
七〇rus　and　ａ　simple　mirror.　　ICRF　heating ’of　the　toroidal　plasma

















named　Synchromak [3,4］shown　in Fig.6-1. A hydrogen plasma　of















１ｙ．　　　？he　plasmadensity as　measured with ａ　６　mmmicrowave
interferometer　is initially　１　）（　1013　cm　and decays　at　ａ　time
constant of　about　０．５ msec.　　工on and　electron　temperatures
without　RF　are (12-14)eV and (20-25)eV, respectively。
　　　　　工CRF　field　is　produced with　an　１　＝　２　helical　coil　０ｆ　one=
field-period which consits　of　four　helices wound　at　９０°inter-
vals　around　the　glass　section of　the　torus with an　electro-
static　shield　inside［５１．　　The pitch　length of　each helix　is
０．３m, hence, giving　the　axial wave　niimber　ｋ。to be　２１ｍ‾１．




We can　thus　establish the RF　field of ｍ＝＋１ mode (field
rotation　in　the　left-hand　sense with respect　ｔ０ the　toroidal
magnetic　field) or　the ｍ＝　－１mode, selectively.　　These modes
are　circularly polarized　on minor　axis.　　The ｍ ＝±１　linearly
polarized　RF　field, which　ｉ芦　the　superposition of　the ｍ ＝　＋１
and ｍ＝　－１　fields, is　obtained when　two　helices placed opp-












between Ｒ with and without the plasma.　as　ａ function　of　ω／ωｃｉ″
where　ωci　is　the　ion cyclotron　frequency on minor　axis.　　Data
were　taken　at　ａ density n-　°６゛OX　1012　cm and with ^in less　than
３　kW.　　For　the m =+1　and ｍ ＝±１operating modes. △Ｒhas　ａ peak at
W/U) .
seen.
＝　0.95, while, for　the ｍ ＝－１mode, no resonant　coupling　is
　　　　The　wave　field　is　detected by　ａ　small　magnetic　probe　away　from
the　RF coil.　　As　the　RF power　is　applied　to　the　density-decaying
plasma, the wave　field　on minor　axis　is　peaked　once　at　ａ　certain
time　after　ｓ゛itching on the RF ｐｏ゛゛ｅｌ°for ゛１fixed w/o) . .　The plot
of　the density　and (jj/u) .　゛１ｔthat　time on　the parameter　space　gives
the dispersion　relation.　　The　result　for　the ｍ＝＋１　operation　is
shown　in　Fig.6-3.　We　also　calculate　the　dispersion　relation　of
the　slow wave　in　ａ　cylindrical ， bounded, cold　plasma　using　the
procedure　described　in　Chap. 2, (The　toroidal　effect　is　not　taken
into　account.)　The solid　curves　in　Fig.6-3　show　the　dispersion





for ｍ °＋1″ｎ °1, andω／ωci　°0.96°　We　compared the measured
radial　magnetic　field　distribution with　the　theoretical　one
and　ｏｂ七ained　reasonable　agreement　between　them。





























６－２　　Increment　of　equivalent　series 。load ing　res is tance








curves　are the　calculated　dispers ion　relat ion　for　the
ｍ　＝　十Ｉ　slow　waves　wi th ｎ　＝　0, 1, and　２　radial　mode .
operation　of　the　RF　coil ．　As　explained　in　Sec. 4　０ｆ　Chap.2, the
spectral power of　the ｍ °±１　field would be　equally divided　into
the ｍ ＝＋１　and　－１　spectral　powers, and　it　is　the ｍ＝＋１　component
that　generates　the ｍ ＝＋1　slow wave.　　工ｎ　this　sense, the　value　of
△Ｒ　for　the m =+1　operation　should be　the　arithmetic mean　of　those
　　　　　　　　　　　　－
for　the ｍ ＝＋１　and －１　operations.　工ｎ　Fig.6-2, this　ｒｅ工ationship　is
fulfilled　in　the region “ｊ／“）ｃｉ（　１‘0(propagating region) .
We　note　that (△Ｒ）－１　゛（ｏ‘２‾Ｏ°25) (△Ｒ）＋1″where　the　subscript




polarized　RF　fields, which accelerate　ions.　　For　the ｍ ＝　＋１
opei°atio山（ｎｗ）＋1 ｡゜ 1″゛゛hile″ for the “l ’ ±１ operatio叫（ｎｗ）＋1
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－＝０．８－０．８３．
　　C. Comparison　of　Ion　Heating
　　　　Ａtypical　oscillogram of perpendicular　ion temperature,
Ｔｉよ″and density n^ with　and without　RF　are　shown　in Fig･6-4.
Here, T.よ　is measured with a multi-grid　energy analyzer　of
６ nun in diameter which　is　inserted at r =　１．５　cm.　　The RF
coil　is operated　in the ｍ＝　＋１mode, and　the　RF pulse of　　　　　　　　　　　　　　　　　　　　　　　　－
duration of　０．５msec　starts　at　ｔ　＝　0.24　msec.　　As　the　plasma
density decays　from １　×　1013　cm　to　the　half during　RF　pulse,
the　toroidal　field　Is　chosen　to be (jj/oj . ° ｏ°８８　so that
optimum　coupling　is maintained.(see　Fig.6-3)　The　temperature

















Fig. 6-4　　Temporal　evolut ion　of　the　plasma　dens ity　and　the
perpendicular　ion　temperature　with (solid　line) and









Fig.6-5　　Increment　of　the　perpendicular　ion energy　dens i ty
as　ａ func tion　of　the　net　RF　power　for　three　RF　modes .
The　inset:　shows　typical　t ime　evolut ion　of　the　ion　energy
dens i ty .
　　　　　　　　　　　　　　　　　　　　　　　　　－１３０－
when　the　RF　pulse　is　applied, showing　little　electron　heating・
if　any.　　　Here, the　effect of　potential　fluctuation caused　by
the　RF　pulse　on probe　characteristics　of　the　analyzer must
be　considered.　　The　fluctuation　level　in potential ， 吊, is










RF　from that without RF″and　^net is　the　net　RF power　into　the
plasma, v゛hich　is　given by Ｐｉｎ△Ｒ／(Ｒｖａｃ十　△Ｒ)゛　　An　example　of
temporal　evolution ｏｆ△Ｐｉｊ．　forＰｎｅｔ＝　１４kW is　shown in the
inset.　　The value　ｏｆ△P.j^ reaches　ａ maximum within μΓｓｔ（０．１
－0.15）ｍｓｅｃ and remains approχimately constant during RF pulse.
We have used the value at ｔ ＝　０．５msec　in the plot of Fig.6-5
in order　to　eliminate　an error　in T.よmeasurements　caused by
RF　fields.　　The value　ｏｆ△Ｐｉよ　increases　linearly with ^net
for　the ｍ ＝＋１　and m = +1 modes.　　When the　RF coil　is　operated
in the ｍ ＝　－１mode,there　is　little　ion heating.　　The ｍ＝　－１
field　is　right-circular:1-y polarized on minor　axis　and　continues
to be　so　for most plasma　radii, so　it does　not　accelerate　ions.
工ｔ　is　clearly　seen　from Fig 。 ６－５　　that　the　energy　gain　of　ions
per　unit　RF power　for　the ｍ ＝　＋１mode　is　larger　than　for　the
ｍ＝＋１ mode; The value of △Ｔ
　　－ ｉ』． /^net
－131－
is　１ 。５　eV/kW for the
m = +1 mode and　０．９ eV/kW for the ｍ ＝＋１ mode.　　In this case.
　　　　　　　　　　　　　　　　　　　　　　　　－
T , is　not measured″but　in ａ　separate　experiment″it　is　ｏｂ‾
served　that　Ｔｉ¨　゜（Ｏ°４‾Ｏ°6) T』．　’　　Ｓｏ″it may be　reasonable
to set Ｐｉ ° ｎｏｋ『Ｔｉ』十十rn ^ ~ :卜゛ｎｏｋＴｉ』‘　Thuｓ．　we　can




plasma density　appears　to be　shorter　than　that without RF.
工ｎFig.　６－６　is　plotted　the　reciprocal　０ｆ　the　decay time″てｎ‾１″
versus　the　applied　RF power.　　　The　increase of　てｎ‾１ｗｉｔｈＰｉｎ
for　the　m = +1　mode　Is　significant　compared with　that　for　the
m = +1 mode.　　We　suspect that the　confinement　of the plasma
is　seriously　influenced by　the　RF　field of ｍ °±１mode.
In our plasma, the　density　is　partially maintained　by　ion-
ization　of incoming neutral　gas
°　　So″ the value of　てｎ　inＦｉｇ°
６一一６　　is　different　fromthe particle confinement　time　Ｔｐ　’
工ｎorder　to　obtain　て　, we measure　ion　flux　toward　the　outer　　　　　　　　　　　　　　　　　　ｐ
wall with plane　collectors　set　just outside　the　radius　of　the
limiter (r_　゛ 4.0 cm).　　The value　of Ｔｐ　iscalculated by　the
relation;　Ｔｐ　°．Ｎ／Ｆ″where Ｎ　is　the　total　number of plasma
particles within　the　radius　of　the　limiter　estimated　from the
microwave measurement, and Ｆ　is　the　radial particle　flux toward
the whole　wall　estimated　from the　flux　to　the　collectors.
To do　this we must　assvime　toroidal　and poloidal　symmetry　of
ion flux　ａｎｄｎＯ°　　Thevalue　ｏｆてｐｔｈｕｓ　obtained　is(0.22-











































（１．５－２．５）×　10.３　sec The value of てｐｗｉｔｈRF　is　ｃａ:Lculated
by the relation;　てｐ‾１　°てｎ‾１＋　＜り〉″under the　assumption that
〈v> is　unaffected　by RF　power.　　　　　　This　assumption　is　con-
firmed　to be　七rue　as　discussed　in the　following.　　when　the
electrostatic　shield　beneath　the　RF　coil was 。･removed, the
density　increased　by more　than　３０　１　with Pin　゛２０　ｋＷ‘　　　工ｔ　is
evident　that　the　axial　RF　electric　field　enhances　ionization.
工ｎ　the present　experiment with　the　sheilded coil, the　density
rather decreases with RF　and　no　electron heating　is　observed.
Hence, the　effect　of　RF　field on　ionization　is　negligible.
We　finally obtain the　particle　confinement　time with RF　to be
（ｌｐ）＋1°　(0.20-0.25) msec for the m = +1 mode and （ｌｐ）ﾆt1　°
(0.15-0°１８）゜sec　ｆｏｌ°the ° ゜ｉ１ mode.【Ｐｉｎヂ　４５ ｋＷ（Ｐｎｅｔ°
１４　kW) for　both ｍｏｄｅｓ．］
　　　　Figure　６－７　shows　temporal　evolution of　the　radial　profile
of　ion　saturation current　to　ａ Langmuir　probe　for　the ｍ．＝　＋１
and　ｍ＝±１ modes.　　This　curve roughly gives　the　radial　density
profile　since　T varies within　４ ０　１　or　less　over　the minor
radius.　　In the　case of　the ｍ ＝＋１ mode, the density decays
holding　an　initial　shape　of　the　radial　distribution　after　the
start of　RF.　　The density profile　for　the ｍ＝＋１ mode becomes
much　flatter with　time　indicating　enhanced　radial　loss。
　　　　工ｔhas　been shown七hat the application of the ｍ ° ±1
工CRF　field　results　in decrease　of　particle　confinement　time
-134-
accompanied with　the modification　of density profile.　　It
should　also be　noted　that　such ･ａ　reduction　ｉｎてｐ　Is　little
when　the ｍ ＝　＋１　field　is　launched.　　As　the　excursion velocity
of　ions　in　RF　fields　exceeds　the　thermal　velocity　in　the
present　experiment, we must　take　into　account ponderomotive
effects。
　　　　　Letus　consider　ａ　cylindrical, homogeneous.　collisionless
plasma with radius ｒＬｉｍｍｅｒＳｅｄ　in　ａ：static magnetic　field　ＢＯ
in　ｚ　direction.　　工ｆ　the　azimuthal　current density　in　the
helical　RF　coil　in ｍ ＝±１　operation　is　approximated　by
J0 ｓ ｊ０ ６Ｇ - s) cos(0 - k,,z) coscjt (6-1)
with　ｓ　being　the　coil　radius, the　RF　electric　field　in　the


















































ＪＯ（ｋよr)J2(kよｉ）ｓ in2 （Θ　‾　k,,z ｈ
　　　　　　　　　　　　　　　　　　　　　　　（６－３）


















RF　power, i . e・, to　the　square　of　the　field　amplitude. To
calculate　Γｉｒ　in　Ｅｑ°(6-3), we measure wave　fields　with　ａ　cali-
brated °agnetic　ｐｌ７°ｂ９’　When　^in　゛４５　kW, E十Ａ and　E B are
estimated　to　be　２８ ｖｐｐ／ｃｌｉｌand　n　ｖｐｐ／ｃｌｌ１’respectively・
Substituting　plasma　parameters　into　Eq.(6-3) with A/B　●　1, we
obtain　ｒ
・「
(r = r )/n ゛３°１　゛１０２
－136－
m/sec.　　The　characteristic
loss　time　is, therefore, 0.13　msec.　　０ｎ　the　other　hand, a
reduction　in てｐ″　from(0.22-0.29) msec　to (0.15-0.18) msec, is
observed when　ａ　45-kW, m =±1-mode　RF　pulse　is　applied.　This
requires　that　てＬ　°　（０．３－０．４）ｍｓｅｃ．　Theagr ement　between　the
predicted　てＬ　from Ｅｑ°(6-3) and　the　experimental value　is fairly





















Here″w.　and "e　ａｒｅ″respectively″ ion　and　electron energy.
てEi is　the　ion energy　confinement　time.てeq　is the equipartition
time″and　ｎｈ is　the　efficiency of power　transfer　from　left-






inset　in Ｆｉｇ‘６‾５　″we obtain てex ° Ｏ°２ msec″ hence″（てEi）＋1　°
　　　　　　　　　　　　　　　　　　　　　　　　－137－
１１０　ysec and (T i)^.　°８５ ysec.【て_. without RF　is (110-160)
　　　　　　　　　　　　　　－
usec.］　　The　last term on the　right hand　side of Eq.(6-4) is
negligible　since T　is　an order-of-maqnitude　larger　ｔｈａｎてＥｉ
From Eq°(6-5)″we　find that ″ at　equilibrium″ △"i　ΞＷｉ　‾Ｗｉｏ
°ｎｗｎｈ^net　てＥｉ″where "iO　is　the value of Wi without ＲＦ゛
Recalling ｔｈａｔ（ｎｗ）＋1°１ ａｌｌｄ（ηｗ）＋1°　0.8-0.83,and noting
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－
that　n. should　be　the　same　for both modes″we　can predict
that　△"i/^net　for the ｍ＝＋１ mode is larger　than　for　the ｍ＝
±１mode by ａ factor　of　１．６　．　　Directmeasurement of △Ｔｉ』．
exhibits　that　the improvement　factor　of △^i/^net Is　１’７　°
The　agreement　between the prediction and　the　experiment　is
























































ized　on　ａχis　when　the ｍ ＝　＋１　field was　generated。





















































for　the　ｍ　＝　+1 (a) and　ｍ　＝　＋ｌ　mode(b) .　　　　　　　　　　　　　　　　　　　　　　　　　　　－
－142－
current　of　ａ　single　probe　^is located　at　the midplane versus
the　radius　for　"o　°１‘８）（1011cm‾３″ω／ωcia　°0.71, and　^net　°
０．５　kW.　The　solid　line　in　the　figure　denotes　the　case　without
RF, while　the　dotted line　shows　工is　at　０．３　msec　after switching
on　the　RF　pulse.　　We　note　that　the　density　decreases　signifi-
cantly　by　the　application　of　RF　pulse　even　for　the　ｍ＝　＋１　mode.








































heating　over　the ｍ ＝±１　RF　field used　conventionally・













　　　　　工ｎ　fastwave　heating of　ａ　two-ion plasma ，　radial　loss
of　the minority　species　would　take place, resulting　in




















and n-　゛1012Cm‾３’　　工ｎ　the　abscissa, the　point where　９　＝　-7T/2
(+tt/2) corresponds　to　the　RF　field of　ｍ＝　＋1（－１）ｍｏｄｅ．　Their
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CHAPTERア
PLUGGING OF OPEN ENDS IN LINEAR DEVICES
































is　greatly　improved when　the ｍ ＝　＋１　RF　field (rotating　in














































































　　　　　Thenwe　proceed to　obtain　an explicit　form ０ｆ　ﾔi　in　゛1
－152－
cylindrical　plasma.　We　assume　the　RF　electric　field　in　the





























lated　from Eqs.(2-ll) and (2-12) in　Chap. 2.　Assuming　that











































































































machine　Ｈ]:El　in which　a hydrogen　plasma　of　density　from　１ ０
１０






















































　　　　　We　first perform the RF plugging by the ｍ °±１　RF field
to　confirm the　result　in TPD一工工工[21.　The　end　loss　flux 工ｅ
measured with　the　end　loss　ａ･nalyzer　is　shown　in　Fig.7-2　for
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with ａ net RF power　of　２００ Ｗ into the plasma.　　The　ratio of
end　loss　flux with　RF　to　that　without　RF, a。, is　plotted　in
Fig.7-3　as　ａ　function　of　the　net　RF power　net　for　"o　°３’４×












of ｍ ＝十1, -1, and±1　modes.　　The　plasma　density　is (2-3)x




















３ ４ ５ ６ ７　kG
Fig.7-5　　End　loss　reduct ion　ratio　versus　the　ａχial
magnetﾆic　field　strength　for　ｍ　＝　+ I, - I, and　＋ｌ　modes .


























large near　ω　＝ωci　for the ｍ＝＋１　and ｍ ＝±１　modes　and　that

























































　　　　　　　　　　　　‾　　　　　　　　　　　　　　　　　　　　ｌ　　　ｌfind from Eqs.(7-7)　ａｎｄ（７－８）ｔｈａｔＢＬ/^R ^゛１°９　for the ° ゜
　　　　　　　　　　　　　　　　　　　　　　　　●　　　ｌ±1 mode. The value of ＢＬ /^R　obtained　directly　from the



















































Γｄ″ａｎｄ　ΓＵ　to the　七〇tal　loss　flux were　～ 0.15,～　0.8,
and　～　0.05, respectively　in　the　case　of　no　RF　applied.
工七was　also　observed that　the　value　of　Ｎ　increased by　ａ　factor
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　Fig.7-8　　Normalized　part icle　con finement　t ime　versus
the　net　RF　power　d iv ided　by　the　dens i ty　for　the　ｍ　＝　十ｌ







finement　time without　the　RF plugging″ＴｐＯ″ was　obtained　from























































“)／“ｊｃｉａｖａｌｕｅ　for　themaximum　△Ｗ from unity　is because　the　in-















with　Ｐｎｅｔμ１０　゛Ｏ°５ｋＷ／1011c°-^ V゛hile　for the m ° ±1　RF　field
with　the　same　ｐｏｗｅｒ″ＷｍａｘＴＥ　is　increased　by　ａ　factor　of　３













































　　　　　The　end　loss　flux measured　at　ａ　radius r/r^ ° ０．４ is
shown　in　Fig.7-12　together v/ith　the　gate　signal　to　the　RF













Fig.7-】２　　Typ ic a 1　oscillogr am　of end　loss　flux　a t リ１７Ｌ
＝　０．４　for　the cases　of (a) RF　plugging　only　and (b) s im-
ultaneous　application　of　RF　plugging　and　RF　stabilization.
The　upper　ｔﾆrace　in　each　oscillogram　i s　じhe　gate　s i gna 1 ｔ：Ｏ
t he　RF　oscillatﾆo r　and　the　ｔﾆi me　scale　i s　５０　μse c /d i V .
一 一 一 一
□０
value　for ｎ０　２　１０１１ｃｍ‾３″ＢＭ　°0.69　T, and Ｒ＝　2.3.　　It　is.





RF and the　stabilizing RF.　The　total　RF　power　is　the　same　as
in (a).　As　the　stabilizing　RF　antenna　is　excited by　the　same














probe was　inserted　at r/r　°0.2, where　the　fluctuation　of
flute　instability was　sma 11.　The　increase　in　the　ion　satu-
ration　current　for (b) the　simultaneous　application　of　two
RF　fields　is　larger　than　for　・(a) the･plugging RF only｡
　　　　　Comparing　Figs.7-12(a) and (b), we　note　that　the　decrease












































































































　　　　　We　measured　the　RF magnetic　field　components, B^ and B ,
and　their　phase　difference　by　the　small　１００ｐ　inserted　onto
the　axis.　　The　field　amplitudes　of　right-　and　left-hand　polar-
ized　components　are　calculated　from the measured values　and
are　plotted　in　Fig.7-17　as　ａ　function　of　the　phase　shift　△
of　the　coil　currents.　The　point where　△　＝　－９０°（＋90°）Ｃｏｒ－
responds　to　the ｍ＝　＋1（－１）ｍｏｄｅoperation　of　the RF coil.
The　density was　"o　゛５×1011cm‾３　at the cusp　region　of　down-






















































































obtained in ＴＰＤ－エエエbyusing the ｍ °±１ RF field【２１。
　　　　　We　plot　the value　of　ln(l/a。) and　the　ratio of　the density
reduction　associated with　the　RF plugging・‾△n/iiQ, in　Fig.7-20























RF　voltage　for　the　ｍ　＝　十I , +1, and　－Ｉ　RF　fields.　The
　　　　　　　　　　　　　　　　　　　　　　　－
dens ity is Ｏ．'7x10
１２ｃＪ３





















































is　kept almost　constant　to　be ０．７×1012Cm‾３　atthe　line cusp
of　downstream side。














































Fig.7-2】Temporal　evolut ions　of (a) diamagnetic　s ignal ,
(b) fringe　shift　of　７０　GHz　microwave　interferometer.
and (c) end　loss　flux　through　the　point　cusp.　The













is　1.43　at　the　center　of　the plugging antenna.　We measure
the value　of a,,　varying　the　RF voltage　of　the　plugging antenna
for　several　values　of Ｔｉ’　The　result　is　displayed　in Ｆｉｇ°7-22
for　the ｍ＝　＋１　mode.　The　RF　voltage　necessary　for a。＝　0.2
1ｓ　１０ %p　for T.　°２０　eV, while　it　increases　to　''■' ''^pp
for　Ｔｉ　° ２２０　eV.　　The plot of　ln(l/a。）ｖｅｒｓｕｓｖＲＦ２／Ｔｉ　is　given












values of　1.02, 0.59, and 0.31　for the ｍ ＝十１，十1, and -1
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－


























and　ｋｖｐｐ°（Ｗｅ　have　assumed　that T.　〉〉　Ｔｅ‘）　The value of　ηｓ
for　the ｍ＝　＋１　mode　is　larger　than　that　for　the ｍ＝　－１　mode
by a　factor　of　３ 。３．　工ｔ　is　found　from Eq‘（フ-6) th°ｔ（ψｉ）＋1／Ｏｉ）－１
°（Ｅ１／Ｅ４）２佃十“ｊｃｉ）／（（ｊ‾“ｊｃｉ）．　　since　the　value　ofE,/E,　is




















　　　　　工ｎ　Ｈ工Ｅ工,by　using　the ｍ ＝　＋１　RF　field, the　particle
confinement　time　and　the　energy　confinement　time　has　been
－185－
improved　by　ａ　factor　of　２　and　１ 。7, respectively, compared　to
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　　　　　InChapter　6, ICRF heating　by the ｍ ＝＋１　RF　field has
been　applied　to　the　small　torus　Synchromak　and　the　simple






























　　　　　工ｎ　Ｈ工Ｅ工,by using　the ｍ＝　＋１　RF　field, the　particle
confinement　time　and　the　energy　confinement　time　has　been
improved　by　ａ　factor　of　２　and　1.7, respectively.　compared　to


























We must　confirm the　superiority　of　the ｍ ＝　＋１　RF　field　in
higher　power　levels。













































where　φ　＝ｍＯ　－　ｋ。ｚ　十ωt,A and Ｂ are constants, and other














゛ｌｍ(1317)Ｋｍ(６Ｓ)‾ｌｍ(６Ｓ)Ｋｍ(６ｒ)″and -　６２ °ｋ０２ Ｔ ｋ”２°









































2. DEFINIT工ON　OF MATRIX V"
　　　　For ｊｔｔ= (A, B, C, D, E, F, V, W) and J七＝
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